A cobalt(II) porphyrin was successfully incorporated into polymer membranes for the optical sensing of imidazole and its derivatives. This research has led to a better understanding of the behavior of Co(II) porphyrin in solution and in polymeric membranes. In aprotic dichloromethane (DCM), the Co(II) tetraphenylporphyrin (CoTPP) and Co(II) octaethylporphyrin (CoOEP) show a sensitive response to imidazole due to the strong ligation of the N-3 on the imidazole ring to the Co(II) center, which induces an absorbance change to the Soret band. However, when doped in polymeric films, only the CoTPP exhibits moderate sensitivity towards aqueous imidazole, histamine and histidine. This weakened coordination ability of CoTPP towards imidazole in the polymer films may be due to the coordination of the plasticizer, the impurities from the THF and polymer matrix at the Co(II) center. The selectivity of the polymer films towards imidazole over common anions is high. Lifetime of the cobalt(II) porphyrin incorporated polymer film was relatively short.
Introduction
Imidazole is a planar five-membered heterocyclic ring, highly polar and ionisable aromatic compound. The physiological and pharmacological significance of imidazole and its derivatives has interested many investigators since imidazole compounds were first discovered [1] [2] [3] . Derivatives of imidazole all share the 1,3-C 3 N 2 ring. The lone pair electrons on N-3, which does not participate in the conjugated pi system, allows the unprotonated imidazole molecule to function as a ligand towards a proton or metal ion. This five-membered ring is a component of many important natural products, such as purine and nucleic acid [3] , and different substituents on the imidazole ring can greatly increase its bioavailability and biological activity. For example, imidazole derivatives occur in proteins as part of the side chain of the amino acid, histidine, in nucleic acid structures as part of the purine ring, and in the vitamin B12 coenzyme. The substituted imidazole derivatives occupy an essential place in the field of medicinal chemistry [4] [5] [6] .
Porphyrins are heterocyclic macrocycles composed of four pyrrole rings joined together by methylene bridges at their a-carbon atoms forming an aromatic ring with 22 p electrons [7] . The large aromatic system allows for excitation of electrons from p to p ⁄ porphyrin ring orbitals in the visible range. Porphyrins and their metal chelates generally exhibit characteristic sharp and intense absorption bands in the near ultraviolet to visible region. Six-coordinate metal ions bound to porphyrins have four positions occupied with the pyrrolic nitrogens in the porphyrin ring, leaving two axial ligand positions free to bind ligands. Studies of square-planar cobalt(II) complexes have been extensively reported in the literature both for their prospects as metal catalysis and as model systems for biologically active species [7] [8] [9] [10] [11] [12] . Porphyrins and metalloporphyrins are excellent candidates as optical chemical sensing material because of their inherent stability, unique optical properties, and synthetic versatility. Porphyrin based sensors with different metal center have been reported to exhibit excellent selectivity for specific ions [13] [14] [15] [16] [17] [18] [19] [20] [21] .
In our laboratory, we are investigating the strong coordination ability between Co(II)tetraphenylporphyrin (CoTPP) and imidazole which induced significant specific absorption spectra changes in organic solvent [22] . In this study, we took advantage of this strong coordination between Co(II) porphyrin and imidazole to explore the feasibility of developing high performance optical sensors for imidazole, and its derivatives, with cobalt(II) porphyrin immobilized in polymeric films. To fully understand the response mechanism, we have studied the response of two cobalt(II) porphyrin complexes toward various neutral and anion ligands in both organic solvent and polymer films.
Experimental

Materials
2-Nitrophenyl octyl ether (o-NPOE)
, bis(2-etheylhexyl) sebacate (DOS), Tecoflex polyurethane (PU, SG-80A), high molecular weight poly(vinyl chloride) (PVC), tetrahydrofuran (THF) were obtained from Fluka, USA. 5,10,15,20-Tetraphenyl-21H,23H-porphine cobalt(II) (CoTPP), 2,3,7,8,12,-13,17-18-octaethyl21H,23Hporphine cobalt(II) (CoOEP), dichloromethane (DCM), imidazole, benzimidazole, 5,6-dimethylbenzimidazole, L-histidine, histamine, L-alanine, caffeine, theophylline and other inorganic salts were purchased from Sigma-Aldrich. All aqueous solutions and buffers were prepared with deionized water.
Film preparation
The polymer membranes were fabricated according to the procedure described by Wang et al. [16] . Carriers were CoTPP and CoOEP; polymers were PVC, PU/PVC; and plasticizers were DOS and o-NPOE. Typically, the composition of the film was 1.2-2.4% carrier, 30% polymer and 67-69% plasticizer. The blank film solution was composed of 30% polymer and 70% plasticizer.
Membrane cocktails were prepared by dissolving a total of 200 mg of components in 2 mL THF. Aliquots of the homogeneous film solution were drawn manually into a glass pipette and 3-5 drops of the solution were deposited on glass slides (0.9 Â 4 cm, 1 mm thickness) and a thin film was obtained by spin coating. The THF was allowed to evaporate overnight, leaving a thin polymer film attached to the glass slide.
Optical measurements
Absorbance measurements were recorded with a UV-Vis double beam (Cary-14) or a single beam photo-diode array (Hewlett-Packard) spectrophotometer. Polymer films on glass plates were placed in a commercial quartz cell (1 Â 1 Â 4 cm 3 ) containing 3 mL test solution. The membrane coated glass slides were first soaked 20 min in distilled water to ensure a stable membrane absorbance. Then the slide was placed into the cuvette containing aqueous test solutions, the UV-Vis spectrum of the film was recorded in the presence of the test solution after 10 min. The double beam spectrophotometer was zeroed at 600 nm before the spectra was taken in the range of 350-600 nm. The calibration curves were determined by taking the spectra of the films at various concentration (1.0 M-10 À7 M) solutions of the target analyte to obtain the absorbance at the fixed wavelength for each set of films.
Selectivity towards small anions
The study of the effect of the various anions was carried out with CoTPP/DOS/PVC films. The 1.00 M stock solutions of SCN À , ClO 4 À , salicylate, NO 2 À , NO 3 À , Cl À , and I À were prepared by dissolving the corresponding sodium salt in deionized water. A concentration range of 1.00 M-10 À6 M for the seven anions was obtained by 10fold serial dilution from stock solution. The responses of the CoTPP/ DOS/PVC film for each anion in aqueous solution were carried out after immersing the film in solution for $10 min. The response curves for each anion and imidazole at various concentrations were established to obtain the selectivity coefficient of cobalt(II) porphyrin film in aqueous solution.
Porphyrin solution response towards imidazole
As the reference for the response of cobalt(II) porphyrin polymeric film to imidazole, the coordination between porphyrin and imidazole in DCM was studied. 1.00 M imidazole solution was prepared as stock solution. A series of imidazole solutions with concentrations in the range 10 À1 -10 À7 M were diluted from the stock solutions by serial dilution method. The 1.0 mg/mL stock solutions of CoTPP and CoOEP were prepared by dissolving 20.0 mg of the Co(II) porphyrin in 2.00 mL DCM. A standard Co(II) porphyrin solutions of 3.3 lg/mL were diluted from the 1.0 mg/mL solutions to obtain an absorbance of 61.
In each experiment, a solution mixture composed of 2.00 mL porphyrin solution, 300 lL imidazole solution and 700 lL DCM were pipetted directly into quartz cuvette and covered with a Teflon stopper immediately. The final concentration of Co(II) porphyrin was 2.2 lg/mL. The solution was mixed thoroughly for 10 min to achieve equilibrium. The solution composed of 2.00 mL of standard porphyrin solution and 1.00 mL of DCM was used for comparison. The absorbance spectra of these solution mixtures were measured in the range of 350-600 nm. The responses of the two lipophilic imidazole derivatives, benzimidazole, 5,6-dimethylbenzimidazole, which are soluble in DCM up to 10 À2 M, were studied in the same procedure in the concentration range of 10 À6 -10 À2 M.
Results and discussion
Response in DCM solutions
As a reference, the responses of cobalt(II) porphyrins to imidazole in the polar aprotic DCM solution were first examined. DCM can fully dissolve the cobalt(II) porphyrins, as well as imidazole. As a non-coordinating solvent, DCM will not bond to the porphyrin and interfere with the coordination. A DCM solution of CoTPP has an intense Soret band around 410 nm and a weak Q band around 528 nm [21] . The addition of imidazole results in changes in the absorbance of these bands. The absorption spectra in the range of 350-600 nm with the addition of different concentrations of imidazole are shown in Fig. 1 .
In Fig. 1 , the band at 410 nm is from the uncoordinated CoTPP Soret band. The addition of imidazole caused a significant decrease of this peak, and an emergence of the red shifted band at 433 nm. This red shifted peak is due to the axial coordination of imidazole to the central cobalt atom of CoTPP [10] . The coordination resulted in a change in the a 2u orbital energy [9] which gave rise to the changes in the spectra of the metalloporphyrin. The isosbestic point at 422 nm clearly shows equilibrium exists in the two forms according to the following reaction:
The chemical structure of the coordinated complexes is shown in Fig. 2 . Imidazole is regarded as a strong electron donating ligand, and one sided coordination is expected [2, 22] .
Plots of absorbance at various imidazole concentrations for the uncoordinated CoTPP at 410 nm and the CoTPP-imid coordinated peak at 433 nm ( Fig. 3) show that the CoTPP complexes have broad response range, and the absorbance change is gradual in concentration ranges from 10 À7 M-10 À4 M. In the range of the 10 À4 -10 À1 M, the absorbance response is significant and it reaches plateau above 10 À1 M, which indicate the coordination reached maximum. Further increasing imidazole concentration will not produce more coordinated form. The equilibrium constant K eq for the reaction calculated at the half point of the inflection at [Imd] = 10 À2.1 M, is $150.
A study on the spectra change of CoOEP in DCM solution revealed similar pattern as CoTPP with the addition of imidazole. As the concentration of imidazole increased from 10 À5 to 0.1 M, the CoOEP Soret band (k max = 392 nm) intensity decreased, while the coordinated band at 418 nm increased significantly. Plots (Fig. 4 ) of the CoOEP-imidazole coordinated absorption band show absorbance decrease at 392 nm and an increase at 418 nm when imidazole concentration changed from 10 À5 to 0.1 M, with a K eq of $160. These data show that CoOEP is also a very attractive potential carrier to be used as active species for designing an optical sensor for imidazole.
Both CoTPP and CoOEP also showed absorbance changes in the presence of benzimidazole and dimethylbenzimidazole in DCM. For the Soret band, at both porphyrin complexes, the response for dimethylbenzimidazole are identical to the imidazole response at all concentrations tested (10 À7 -10 À2 M); benzimidazole showed slightly smaller response below 10 À4 M, the response are significantly smaller at 10 À2 M compare to imidazole and dimethylbenzimidazole.
For the coordinate band, each imidazole compound generated a new red band, with a peak wavelength difference of 2-7 nm for both CoTPP and CoOEP (see Table 1 ). These results show that each imidazole molecular can directly coordinated to the Co-center, but their different electron donating power caused the slightly different band shift. The absorbance spectra change were observed in the range of 10 À6 -10 À2 M, with dimethylbenzimidazole response very close to imidazole and benzimidazole was much less in the same range. The absorbances of Co-porphyrins in the presence of 10 À2 M of imidazole concentration is included in Table 1 .
The inferior response of benzimidazole may be due to the electron-withdrawing effect of the benzo group. Dimethylbenzimidazole showed the same response as imidazole at the Co(II) porphyrins, showing the two methyl substitutions on the benzo group cancelled the electron withdrawing effect for the N-3 coordination at the Co(II) center. 
Co(II) porphyrin doped polymeric film response
Based on the responses of cobalt porphyrins to imidazole in DCM, cobalt(II) porphyrin membranes were prepared for the detection of imidazole in aqueous solution. In order to obtain sensing membranes with the optimal characteristics, different membrane compositions were tested by varying porphyrin content, plasticizer and polymer.
The strong absorption of the Soret band requires a limited range of porphyrin content and a suitable thickness of the film. In the preliminary test, three different concentrations of porphyrin in the film were compared starting with 1.2 wt.% of porphyrin, as this was the standard concentration of porphyrin in many previous studies [15, 16, 19, 20] . Comparing the three CoTPP percentages, the results of 1.2 and 1.8 wt.% had similar response slopes and detection limits towards imidazole, while the reproducibility of 1.8 wt.% film was higher than 1.2 wt.%. When 2.4 wt.% of CoTPP was used, it could not be totally dissolved in THF even after 24 h. Thus, 1.8 wt.% of cobalt porphyrin was selected in this study.
Plasticizer and polymer selection
Plasticizer is an important component in polymeric film, and has been reported to affect the response characteristics of sensing membrane, such as detection limits, sensitivity and selectivity [15, 21] . Two common plasticizers: bis(2-ethylhexyl) sebacate (DOS) and 2-nitrophenyl octyl ether (o-NPOE) were used in preparing the film. The solubilities of the metalloporphyrins in cast films are different when DOS or o-NPOE is used as the plasticizer. The more lipophilic plasticizer (DOS) results films with better transparency and lower leaching of cobalt(II) porphyrins than the ones with o-NPOE. Whereas, with a high dielectric constant (e) that can enhance the ligand-membrane binding [23] , o-NPOE is also a good option as a plasticizer in Co(II) porphyrin film. Two kinds of polymer, polyvinyl chloride (PVC) and polyurethane (PU), were investigated. When PU was used, a 15% PU and 15% PVC composition was used for the membrane.
Altogether, eight kinds of film composition were made and screened for the imidazole response. From the results of the preliminary test, only CoTPP could be successfully used in polymer membrane film to detect imidazole in aqueous solution, the CoOEP films did not show a consistent and wide response range between the absorbance and the concentration of imidazole. Even though the CoTPP film could be used to detect imidazole, the response range of CoTPP was narrower than the result in DCM, which implies that the coordination abilities of both cobalt(II) porphyrins were weakened when they were incorporated in polymer films. The plasticizers (DOS and o-NPOE) and polymers (PVC, PU/PVC) used in this research have greater influence on the coordination ability of CoOEP than that of CoTPP to imidazole.
When compared to the selectivity found with the membranes, the general conclusion was that selectivity of PVC and PVC/PU membranes were quite similar, but the reproducibility of the PVC/PU combination film was not good as PVC film.
When a mixture of CoTPP and PVC/DOS was spin coated on a glass surface, a film was obtained with a thickness that depends on the concentration of polymer in solution and on the rate of spin [23] . In order to have sensing layers showing fast responses towards target molecules, a thin membrane was required. However, thinner membranes have side effects such as the exuding of the plasticizer in addition to a low absorbance signal [23] . In this study, a preferred initial absorbance range of CoTPP film 'approximately' 412 nm was between 0.5 and 0.7.
pH effect and imidazole solution preparation
The pH value of 0.01 M imidazole solution was around 7.8, therefore the buffers with pH value 6, 7 and 8 were used to study the effect of the pH on the response of the film to imidazole. The imidazole aqueous solutions were directly prepared with different buffers of different pH value. Besides these buffered imidazole solutions, the imidazole solutions that were dissolved with distilled water were also studied for comparison.
The results of the response curves showed that varying the pH of the aqueous imidazole solution did not affect the spectra of imidazole significantly; however, the response range of the film towards imidazole was broader when the pH value was increased. The solution with buffer pH 8 had a quick and the most broad response range among the three buffer solutions. In a slightly acidic buffer (pH 6), the detection limit of this film towards imidazole was reduced slightly. This may be due to the higher degree of protonation of imidazole, which reduced the concentration of the neutral coordinating form. Comparing to the solutions of buffers and the one without buffer, the absorbance response curve without buffer had a close response curve to pH 8 buffered solution. From these comparisons, the imidazole solution without buffer was selected. Fig. 5 represents the absorbance spectra of CoTPP/DOS/PVC film in the range of 350 nm-500 nm in the presence of different concentrations of imidazole in aqueous solutions. Immersing the membranes in solutions containing imidazole with different concentrations led to similar spectra change pattern to that observed for CoTPP/DCM solution. As the imidazole concentration increased, the band around 412 nm decreased, while the absorbance at 433 nm increased. Comparing to Fig. 1 , the absorbance increase at 433 nm is much smaller in the membrane films than the solution response to imidazole concentrations.
Response of CoTPP/DOS/PVC film to imidazole
The response curves in Fig. 6 indicate that the film had a lower detection limit around 10 À4 M, and the upper limit approximately 0.5 M. In the range between 10 À3 and 0.5 M, the absorbance at 412 nm decreases and the absorbance at 433 nm increases. In comparison to the dynamic response range of CoTPP/DCM solution towards imidazole which was between 10 À7 and 1 M, the response range of CoTPP film was narrower. The polymer, plasticizer, and the impurities in THF all could be the factors that caused the deviation of the performance of CoTPP film from optimal result in the lower imidazole concentration ranges, possibly by coordinating at the cobalt center.
The response of CoTPP doped polymer film to imidazole in aqueous solution may result from an axial coordination reaction. When the films are immersed into imidazole solutions, imidazole is extracted from solution to the membrane, and it coordinates to the cobalt center of the porphyrin. The concentration of the free CoTPP left on the film will decrease, and the coordinated form increases when more imidazole moves from solution to film.
CoTPPðmÞ þ ImdðaqÞ ¢ CoTPP-ImdðmÞ where CoTPP(m) represents the CoTPP in the membrane films as the uncoordinated form which has a absorption peak at 412 nm, and CoTPP-Imd(m) represents the CoTPP in the membrane films in the coordinated form, and an absorption peak at 433 nm. The apparent equilibrium constant K eq at 412 nm obtained from Fig. 6 is 60, which is smaller than the value in DCM solution at the same concentration range.
Response of Co(II) porphyrins to imidazole derivatives
Four important imidazole derivatives, L-histidine, histamine, caffeine and theophylline, are prevalent in nature. All of these four imidazoles have responses around 412 nm (free CoTPP band) at CoTPP/DOS/PVC films. Theophylline and caffeine had only this peak in their detection ranges, while L-histidine and histamine induced another weak coordination peak at higher concentrations. The four imidazole derivatives all caused the CoTPP absorption peak at 412 nm decreased with the increase of their concentration. The responses of histamine and histidine are higher than imidazole at low concentrations, although they do not have significant rise of responses at higher concentrations as imidazole in the range of 10 À3 -10 À1 M. Thus at higher concentrations, imidazole still showed the highest response and reached response plateau above 0.5 M. The other larger double (two fused) ring imidazole derivatives, caffeine and theophylline, have much lower response than these three single ring molecules, and no peak was induced at 433 nm.
In order to evaluate the selectivity, relative absorbance a, defined as the fraction of uncoordinated CoTPP (a = [CoTPP]/ C CoTPP,tot ) in the membrane was calculated with the films absorbances using the following equation [16, 23] :
where A is the measured absorbance at any concentration of aqueous solution, A 0 and A f are the absorbances of the film when the porphyrin is fully uncoordinated and fully coordinated. Plots of the a values for the five imidazole derivatives are shown in Fig. 7 . The selectivity coefficients were calculated in accordance with the following expression:
where the K im,Y is the selectivity coefficient for different chemicals, and C im and C Y are the concentrations of imidazole and its analogues. For simplicity, chemical concentrations rather than activities were used to avoid calculating activity coefficients. The selectivity coefficients were calculated by taking the ratio of imidazole and its derivatives concentrations that yield the same a value (a = 0.5), as determined graphically from the separate solution method. By extending the graphs of caffeine and theophylline, the concentrations of caffeine and theophylline when a = 0.5 were estimated. With the five concentration values, the selectivity coefficient (log K im,Y ) of the four imidazole derivatives were calculated and summarized in Table 2 . From Fig. 7 and Table 2 , the selectivity order follows: imidazole > histamine > L-histidine ) caffeine > theophylline. The selectivity coefficient (log K) of histamine and L-histidine are close to zero, meaning the selectivity is close to 1, while that of caffeine and theophylline are low. Imidazole has the highest selectivity for all neutral compounds in both DCM solution and the DOS/ PVC film. The electron withdrawing groups (C@O) on the adjacent rings in caffeine and theophylline and their larger sizes are considered to be the contributing factors for their low selectivity. The slightly higher selectivity of caffeine than theophylline may be contributed by the methyl group substitution on the pyrrole nitrogen (N-1 in imidazole) and strengthened the coordination between caffeine and CoTPP.
A stronger coordination capability for histamine than L-histidine may be because of the carboxyl group on L-histidine. Carboxylic acid group (-CO 2 H) is electron-withdrawing group that can draw substantial electron density from the p system (imidazole ring), thereby lowers the bonding ability of L-histidine with cobalt(II) porphyrin.
L-histidine molecule has three potential coordination sites in aqueous solution: the carboxyl group, the imidazole nitrogen, and the amino nitrogen. For better verification that the amino nitrogen on L-histidine is not the main coordination site with cobalt porphyrin in aqueous solution, a comparison experiment between L-histidine and alanine, the amino acid substituent on the imidazole ring of L-histidine, was carried out. The absorbance of the membrane at 412 nm had a relatively larger decrease in the presence of L-histidine solution from 10 À5 to 0.1 M, while alanine had only induced a small decrease of the absorbance peak at 0.1 M and no peak was observed at 433 nm. The estimated selectivity coefficient log K im,Y is <À3. This implies that the coordination between carboxyl group or the amino nitrogen and cobalt(II) porphyrin are very weak. Overall, these results confirm that the N-3 pyridine-like nitrogen on imidazole ring is the main coordination site towards cobalt(II) center.
Interference of common anions
Based on the mechanism of the coordination between imidazole and cobalt porphyrin, species that are electron donors all have the potential to bind to cobalt porphyrins. The selectivity of CoTPP/ DOS/PVC membrane for a variety of anions was determined by the separate solutions method. From the spectra of CoTPP/DOS/ PVC film in the presence of different anions, as the concentration of anions increased, the band around 412 nm decreased. The bands around 433 nm for most anions were too weak to be recognizable, which implies that the coordination at the cobalt center is very weak.
Comparing the absorbance changes of CoTPP sensor in the presence of imidazole and the anions, CoTPP/DOS/PVC film had the highest response towards imidazole. To obtain the sensitivity of the sensor to different anions, a values were obtained and plotted against the concentrations of corresponding anions (shown in Fig. 8 ). The K im,Y values were calculated using the concentrations of the anions at a = 0.5 from their respective calibration curve. KI, KNO 3 , NaClO 4 and salicylate solutions did not induce large changes in absorbance at 412 nm and therefore did not result in high a values. By extending the response curves of I À , NO 3 À and salicylate, the selectivity coefficients was estimated. The response for ClO 4 À was too weak to calculate an accurate value. The selectivity coefficients of Co(II)TPP/DOS/PVC film towards these anions are presented in Table 3 .
From Fig. 8 and Table 3 , the selectivity order of the Co(II)TPP sensor followed: imidazole > SCN À > NO 2 À > Cl À > I À > NO 3 À > salicylate > ClO 4 À . This selectivity sequence deviated significantly from the classical Hofmeister pattern (based on anion free energy of hydration), due to the preferred axial site coordination of anions with the metallic center of CoTPP [15] . The highest response of SCN À among the small anions indicates it has the strongest coordination at CoTPP. However, imidazole exhibits the strongest coordination in the CoTPP/DOS/PVC polymeric films.
Response time
From the results of previous research, the response of the porphyrin sensor towards many ligands is fast [15] [16] [17] [18] [19] [20] . The response of CoTPP based membrane towards imidazole was moderately fast. The absorbance of the peak at 412 nm decreased and the absorbance at 433 nm gradually increased once the film was inserted in imidazole solution. The response time depends on the diffusion of imidazole from the solution to the film and in the film as well as the reaction rate of the coordination. Diffusion time will be membrane thickness dependent, if a thicker membrane is used, the response time will be longer t = d 2 /2D (d is film thickness, D is diffusion coefficient). Thus, it is critical to control the thickness of membrane for achieving a fast response. Membranes with absorbance range of CoTPP film around 412 nm was controlled between 0.5 and 0.7 in this research for similar response time.
The absorbance change of a typical CoTPP/DOS/PVC film in 0.1 M imidazole aqueous solution from 0 to 30 min is shown in Fig. 9 . As it is presented in Fig. 9, 10 min is the turning point for the trend line. The t 90 (to reach 90% of the total absorbance is $20 min, which is relatively long for a thick membrane for the benefit of high absorbance. Thinner membranes with absorbance of $0.1, are expected to have t 90 of less than 1 min. However, during the first 10 min, the absorbance changed quickly; after 10 min, the rate of change slowed. From these results, 10 min was chosen as a sensing time in obtaining all the calibration curves in this paper.
Reproducibility and stability
To reverse the sensor, the film was immersed in pure water and then 0.1 M HCl, finally the film was washed with de-ionized water repeatedly. The final result showed that the continual exposure of the film to de-ionized water and HCl solution did not return the membrane to the initial value, and the spectrum moved only slightly from the coordinated state. It appeared that a longer recovery time is necessary for the film to recover. The phenomena could be explained that the bonding between imidazole molecule and CoTPP was so tight that H 2 O or HCl do not pull the coordinated imidazole out of the film in a fast reversible manner.
Repeated exposure to water caused the film response to deteriorate dramatically due to physical rupture of the membrane or the leaching out of membrane components. The storage life time of the cobalt(II) porphyrin incorporated film was also short, as demonstrated by the fact that their slope deteriorated after just 4 days. Several factors can result in the short life-time of the film, such as the photodecomposition of cobalt(II) porphyrin and the separation of polymer film and the glass slides. Leaving the film in a closed environment 10 days, it was found that the film became disrupted and the cobalt(II) porphyrin in the film almost all leached out from the film. To obtain reproducible absorbance spectra, the films were usually used between 12 to 18 h.
Conclusion
The experimental results demonstrated the use of CoTPP as active film component in the design of imidazole, histamine and histidine sensor. N-3 nitrogen atom on the imidazole ring is responsible for its coordination at the Co(II) porphyrin complex, substitutions of the imidazole ring reduced binding due to increased size or electron-withdrawing groups. The imidazole sensing membrane based on CoTPP presented a non-Hofmeister selectivity pattern to common anions. The simple preparation and easy operation as well as the high specificity of the membrane offer great potentials for determination of imidazole and its derivatives in aqueous solutions or gas sample with fresh made membranes within a week.
